exercise; group 3 consisted of 10 patients with symptoms with a depressed resting echo peak Vcf which remained subnormal with exercise. Subsequent cardiac catheterisation disclosed normal ejection fractions in patients in group 1, borderline ejection fractions in those in group 2, and reduced ejection fractions in those in group 3. Echocardiographic assessment of left ventricular performance during supine isotonic exercise may provide a simple noninvasive method for the early detection of left ventricular dysfunction in symptom free patients with aortic regurgitation.
Once heart failure has occurred in patients with chronic aortic regurgitation, valve replacement may prove ineffective in restoring normal myocardial function. 15 Echocardiography has been suggested as a simple means of detecting early impairment of left ventricular function in such patients6 7 and the finding of impaired myocardial performance in the absence of clinical heart failure should prompt additional invasive studies. 6 On examining those reports,6 7 however, it is apparent that difficulties may be encountered in this assessment. Though 26 January 1981 myocardial function may clearly differentiate normal from abnormal groups, there can be considerable overlap of individual values, and the diagnostic accuracy in a specific patient may be suspect. Since echocardiograms are normally done only at rest, we felt that the addition of exercise might further differentiate those patients with impaired ventricular function from those whose myocardium was normal. This approach, which has recently been used to detect wall motion abnormalities during myocardial ischaemia,8 could be a valuable method for the improved assessment of patients with chronic aortic regurgitation.
Methods

PATIENTS
All patients with isolated aortic regurgitation who had cardiac catheterisation at our centre over a two year 380 period were studied. Patients with associated aortic stenosis (>10 mmHg left ventricular to aortic gradient), a malfunctioning prosthetic aortic valve, mitral valve disease, coronary artery disease (>50% stenosis), cardiomyopathy, or hypertension (diastolic blood pressure >95 mmHg), were deliberately excluded. Eight patients with isolated aortic regurgitation were also excluded because we could not obtain adequate quality echocardiograms during exercise. The final study population consisted of 30 patients, 26 men and four women, with a mean age of 46±13 years (range 15 to 65 years). Twenty patients had no symptoms, i.e. no history of exercise intolerance, chest pain, lightheadedness, syncope, or heart failure. Functionally, such patients were in New York Heart Association Class I.9 The remaining 10 patients had one or more of these symptoms and were in New York Heart Association Classes II-IV. Left ventricular hypertrophy on electrocardiography was diagnosed by using the criteria of Romhilt and Estes (five points or more). 10 At the time of the study, three of the patients with symptoms were taking digitalis. The remaining 27 patients were either on no cardiac drugs or these had been discontinued at least one week before the study.
NORMAL SUBJECTS
Twenty normal healthy subjects were also studied, found to be free of heart disease by history, physical examination, electrocardiography, and echocardiography. There were 16 men and four women with a mean age of 33±9 years (range 18 to 46). None was taking any drugs.
ECHOCARDIOGRAPHY
Echocardiograms were obtained using a Unirad, Series C echocardiographic unit equipped with a Honeywell 1858 strip chart recorder. Patients and normal subjects were studied supine in the slight left lateral position with the transducer positioned in the fourth or fifth left intercostal space. The left ventricular minor axis diameter was recorded by directing the ultrasound beam just inferior to the mitral valve and recordings were made at a paper speed of 100 mm/s (Fig. 1 ). Echocardiograms were obtained only at end expiration and from the same interspace with the same anatomical landmarks present throughout the study in an attempt to minimise spurious changes of left ventricular dimensions.
Isotonic exercise was performed using a Siemens- 
Results
NORMAL SUBJECTS
In the normal subjects, the peak Vcf at rest ranged from 14 to 2 2 circ/s with a mean of 1178±0 21 (standard deviation) with the 95% confidence limits lying between 1 68 and 1 88 circ/s. We used these values to define the normal range of peak Vcf at rest. With six minutes of exercise, peak Vcf increased in a stepwise fashion to 2 89±0'22 circ/s (95% confidence limits 2 79 to 2'99 circ/s), and when the heart rate exceeded 100 beats/min, it invariably increased at least 0 30 circ/s above the value obtained at rest. Since all patients in this study attained heart rates above 100 beats/min during exercise an increase of peak Vcf of 0 30 circ/s or more was accepted as normal in the patients with aortic regurgitation.
PATIENTS WITH AORTIC REGURGITATION
The clinical data for the 30 patients with chronic aortic regurgitation are presented in the Table. On the basis of their resting and exercise echocardiographic peak Vcf, they could be divided into three groups (Fig. 4) . Group (Table) .
PER CENT FRACTIONAL SHORTENING
At rest, the %AD of the 10 patients with symptoms (group 3) was significantly lower than that of the 20 symptom free patients (groups 1 and 2); 27±3 versus 36±4% (p<0 001) (Table) . It was 31% or less in all 10 patients with symptoms and greater than 31% in 17 of the 20 without them. There was no significant difference between the resting %AD in group 1 (36±4%) and in group 2 (36±4%).
With exercise, the %AD of patients in group 1 increased from 36±4 to 43±5% (NS) and that of patients in group 2 increased from 36±4 to 40±4% (NS). Thus, echocardiographic %AD, unlike echocardiographic peak Vcf, was not able to distinguish symptom free patients with catheter proven normal left ventricular function (group 1) from those with borderline left ventricular function (group 2). Patients in group 3 decreased their %AD insignificantly from 27±3 to 26±4% with exercise.
END-DIASTOLIC DIMENSIONS
The resting left ventricular end-diastolic diameter of the 10 patients with symptoms was significantly larger than that of the 20 who were symptom free, 75.5±5 versus 63 5±5 mm (p<0 001). Thus, all patients with symptoms had an end-diastolic diameter greater than 66 mm and, in addition, they all had a depressed peak Vcf at rest. Of the 20 symptom free patients, however, all of whom had a normal resting peak Vcf, there were five with end-diastolic diameters greater than 66 mm (Table) . Two of these five showed a normal increase in peak Vcf with exercise while in the remaining three, exercise peak Vcf was subnormal. It was therefore necessary to determine whether the exercise peak Vcf was affected by the degree of left ventricular dilatation in the 20 symptom free patients. We found that there was wide variation in exercise peak Vcf at any level of resting end-diastolic diameter (r=0-35, not significant) so that end-diastolic diameter at rest in symptom free patients could not be used to predict their exercise peak Vcf.
The end-diastolic diameter did not change significantly between rest and exercise for any of the subgroups (Table) . The 20 normal subjects also showed no significant change in end-diastolic diameter during exercise supine (50 2±5 mm at rest versus 50 8±6 mm during exercise).
END-SYSTOLIC DIMENSIONS
At rest the end-systolic diameter of the 10 patients with symptoms (group 3) was significantly larger than that of the 20 symptom free subjects (groups 1 and 2); 54±4 versus 41±5 mm (p<0 001) (Table) . The end-systolic diameter was greater than 46 mm in all of the former and less than 46 mm in 18 of the 20 of the latter. Of the two symptom free patients with resting end-systolic diameters greater than 46 mm, one showed a normal increase of peak Vcf with exercise while in the other exercise peak Vcf was subnormal. There was no correlation (r=0-22, not significant) between resting end-systolic diameter and exercise peak Vcf for the 20 symptom free subjects.
During exercise, the end-systolic diameter of the 10 patients with symptoms (group 3) was significantly larger than the 20 without them (groups 1 and 2) 55±6 versus 38±5 mm (p<0001). The end-systolic diameter was 47 mm or greater in all 10 of the former and less than 47 mm in 19 of the latter. There was no correlation between exercise end-systolic dimension and exercise peak Vcf (r=0-42, not significant) in the 20 symptom free subjects. Thus, echocardiographic end-systolic dimension, unlike echocardiographic peak Vcf, was not able to distinguish between the symptom free patients with normal left ventricular function (group 1) and those with borderline left ventricular function (group 2).
SYSTOLIC ARTERIAL PRESSURE
The maximum systolic arterial pressure during exercise did not differ significantly between the three groups. The maximum systolic arterial presure during exercise in patients in group 1 was 181±21 mmHg (range 145 to 210 mmHg), for those in group 2 180±18 mmHg (range 140 to 205 mmHg) and for those in group 3 193±17 mmHg (range 155 to 215 mmHg) (Table) . These values were not significantly different from those found in normal subjects during exercise (183±17 mmHg, range 135 to 200 mmHg).
There was no correlation between exercise peak Vcf and maximum systolic pressure during exercise either for the entire group of patients with aortic regurgitation (r=0.20, not significant), or the subgroups (groups 2 and 3) with a subnormal peak Vcf response during exercise (r=0. 16, not significant). Thus, the maximum systolic pressure attained during exercise could not be used to predict peak Vcf during exercise.
Discussion
In patients with chronic aortic regurgitation, the detection of early impairment of left ventricular performance remains an important clinical problem. Once heart failure has occurred valve replacement may prove ineffective in restoring normal myocardial function. ' Our results indicate that in symptom free patients with chronic aortic regurgitation, echocardiography performed during exercise is considerably more sensitive in detecting mild left ventricular dysfunction than echocardiography performed at rest. All 20 symptom free patients had a normal echocardiographic peak Vcf at rest. Only 11 (group 1), however, had a normal increase in peak Vcf with exercise (Fig.  4) . These 11 patients all had normal left ventricular function at subsequent cardiac catheterisation. The nine remaining symptom free patients (group 2) with normal resting echocardiographic peak Vcf failed to increase their peak Vcf normally during exercise and all had slightly depressed ejection fractions at cardiac catheterisation, suggesting the presence of mild left ventricular dysfunction. Moreover, in these nine patients, the abnormal peak Vcf response during exercise could not be predicted from the presence of electrocardiographic left ventricular hypertrophy, the left ventricular diastolic or systolic dimensions, the maximum systolic pressure attained during exercise, or a combination of these factors. In contrast, all 10 patients with symptoms (group 3) had echocardiographically detectable left ventricular dysfunction at rest, and the addition of exercise merely confirmed this fact and added no further useful information. Subsequent cardiac catheterisation in this group further confirmed the presence of severely depressed left ventricular function.
In general, a failure of peak Vcf to increase during exercise does not necessarily imply that myocardial contractility is abnormal. Vcf is not only sensitive to inotropic stimulation, but is also inversely related to acute changes in afterload.29 Since afterload increases during exercise it could preclude an increase in the Vcf if it acted alone. Exercise, however, is associated with a distinct increase in contractility 30 which tends to increase Vcf. Apparently, the latter effect predominates resulting in a net increase in Vcf during exercise in subjects with normal left ventricular functional reserve. 16 In the present study, the increase in afterload during exercise was not measured. The systolic blood pressure, however, which is an indirect reflection of afterload,3' was measured both at rest and during exercise and did not differ significantly between the three groups of patients (Table) . Thus, the influence of afterload upon exercise peak Vcf was probably the same for each group and can be excluded from consideration for purposes of comparison. Finally, the presence of myocardial dysfunction in patients who failed to increase their echocardiographic Vcf significantly with exercise is supported by the finding of reduced ejection fractions in these patients at subsequent cardiac catheterisation. Though the resting angiographic ejection fraction has limitations similar to those associated with the Vcf, it has proved to be a valuable estimate of left ventricular function clinically.2024
Our finding, that the noninvasive assessment of left ventricular performance during exercise is a valuable means of detecting early ventricular dysfunction in patients with aortic regurgitation, is in keeping with recent observations by Borer et al. 32 Using noninvasive radionuclude cineangiography, these workers showed that though the resting ejection fraction was normal in 21 symptom free patients with isolated aortic regurgitation, in only 13 was the exercise ejection fraction normal. The eight remaining patients had subnormal exercise ejection fractions, suggesting the presence of impaired myocardial performance not apparent at rest. Compared with exercise radionuclide cineangiography, exercise echocardiography examines instantaneous events in each cardiac cycle rather than combining several cycles, imposes no radiation exposure, and is relatively inexpensive. The greatest limitation of exercise echocardiography is the difficulty of obtaining high quality left ventricular echograms during exercise in all patients examined. Our success rate of obtaining such echograms during exercise in patients with aortic regurgitation was approximately 75 per cent. This compares favourably with the experience of Sugishita and Koseki who obtained satisfactory exercise left ventricular echocardiograms in 83% of their patients. 33 In the present study, we found echocardiographic peak Vcf to be a more reliable predictor of contrast angiographic ejection fraction than either the echocardiographic %A D or the end-systolic dimensions. This is consistent with previous observations where peak Vcf was found to be a more sensitive measure of left ventricular function than other echocardiographic indices currently in use.28 CLINICAL IMPLICATIONS This study shows that in symptom free patients with chronic aortic regurgitation, exercise echocardiography appears to be a simple noninvasive method of detecting early left ventricular dysfunction not apparent at rest. Evidence of impaired myocardial function in such patients may signal the need for additional invasive studies and consideration for operation. 
